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What is claimed is: 



10 



1 . An apparatus for conducting acoustic logging measurements of formatio; 
surrounding an earth borehole, comprising: 

an acoustic logging instrument having first and second threaded ends for ti^adedly 
connecting said instrument into a drillstring used for drilling earth borehole?j^id logging 
instrument comprising an acoustic transmitter for transmitting acoustj/signals into the 
formations surrounding said earth borehole, an acoustic receiver for receiving acoustic signals 
returning fi-om said formations and for receiving acoustic noise sisals, an acoustic sensor 
responsive only to acoustic noise signals, to the exclusion oV^t, acoustic signals returning 
from said formations, and an electronic processor in said in^tfument for combining the signals 
received by said acoustic receiver and by said acoustic^sor to produce signals substantially 
free of said acoustic noise signals. 



15 



2. The apparatus accordin^o Claim 1. wherein said electronic processor 
comprises an analog-to-digital converted md said received acoustic signals returning fi-om the 
earth formation and said received^ustic noise signals are converted from analog to digital 
form prior to being combined to produce signals substantially fi-ee of said acoustic noise 
signals. 



20 



3. Tke apparatus according to Claim 2, comprising circuitry for generating a 
propagation/factor relating to the propagation of acoustic signals between said-acoustic 
receiver^d said acoustic sensor, and for modifying the acoustic noise signals based upon said 
propagation factor prior to being combined with the acoustic signals returning from the earth 
Srmations to produce signals substantially free of said acoustic noise signals. 
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4. An apparatus for conducting acoustic logging measurements of formations 
surrounding an earth borehole, comprising: 

an acoustic logging instrument having first and second threaded ends for thi^adedly 
connecting said instrument into a drillstring used for drilling earth boreholes,^d logging 
instrument comprising an acoustic transmitter for transmitting acoustic signals into the 
formations surrounding said earth borehole, at least two acoustic recei<^rs for receiving 
acoustic signals returning from said formation and for receiving acovlstic noise signals, an 
acoustic sensor responsive only to acoustic noise signals, to the inclusion of the acoustic 
signals returning from said formations, and an electronic proc^sor in said instrument for 
combining the signals received by said acoustic receivers/tod by said acoustic sensor to 
produce signals substantially free of said acoustic noise signals. 



15 



5. The apparatus according to Clmm 4, wherein said electronic processor 
comprises an analog-to-digital converter ank^ssMeceived acoustic signals returning from the 
earth formation and said received acoustic miise signals are converted from analog to digital 
form prior to being combined to prodjjfce signals substantially free of said acoustic noise 
signals. 



20 



6, The apparatus according to Claim 5, comprising circuitry for generating one 
or more propagation facto/s relating to the propagation of acoustic signals between said 
acoustic receivers and smd acoustic sensor, and for modifying the acoustic noise signals based 
upon said propagatn^m factors prior to being combined with the acoustic signals returning 
from the earth formation to produce signals substantially free of said acoustic noise signals. 



25 



7. / An apparatus for conducting acoustic logging measurements of formations 
surrourjding an earth borehole, comprising: 

an acoustic logging instrument having first and second threaded ends for threadedly 
c^necting said instrument into a drillstring used for drilling earth boreholes, said logging 
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instrument comprising an acoustic transmitter for transmitting acoustic signals into tl* 
formations surrounding said earth borehole, at least two acoustic receivers for recei 
acoustic signals returning from said formation and for receiving acoustic noise signalsy^ least 
two acoustic sensors responsive only to acoustic noise signals, to the exclusion of tj^acoustic 
signals returning from said formations, and an electronic processor in said i^trument for 
combining the signals received by said acoustic receivers and by said ace^stic sensors to 
produce signals substantially free of said acoustic noise signals. 



10 



8. The apparatus according to Claim 7, wherein/said electronic processor 
comprises an analog-to-digital converter and said received acoustic signals returning from the 
earth formation and said received acoustic noise signals ar0^onverted from analog to digital 
form prior to being combined to produce signals sub^antially free of said acoustic noise 
signals. 



15 



9. The apparatus according to Claim 8, comprising circuitry for generating one 
or more propagation factors relating tcyfhe propagation of acoustic signals between said 
acoustic receivers and said acoustic sensors, and for modifying the acoustic noise signals 
based upon said propagation fac^s prior to being combined with the acoustic signals 
returning from the earth formatipn to produce signals substantially free of said acoustic noise 
signals. 



10. The apparatus according to Claim 7, wherein each of said acoustic sensors is 
20 positioned within ^d logging instrument to detect noise signals propagating towards the said 
sensors. 



The apparatus according to Claim 7, wherein at least one of said acoustic 
senses is positioned to detect a noise signal propagating from above and toward the one 
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sensor, and at least another of said acoustic sensors is positioned to detect a noise si| 
propagating from below and toward the one sensor. 

12. An apparatus for conducting acoustic logging measurement5/^ formations 
surrounding an earth borehole, comprising: 

5 an acoustic logging instrument having first and second threaded^ends for threadedly 

connecting said instrument into a drillstring used for drilling eartji^oreholes, said logging 
instrument comprising an acoustic transmitter for transmittmg acoustic signals into the 
formations surrounding said earth borehole, an acoustic receiy^ for receiving acoustic signals 
returning from said formation and for receiving acousticmoise signals, at least two acoustic 
10 sensors responsive only to acoustic noise signals, to the exclusion of the acoustic signals 
returning from said formations, and an elecpolnc processor in said instrument for combining 
the signals received by said acoustic receivers aumSy said acoustic sensors to produce signals 
substantially free of said acoustic noise signals. 

13. The apparatus a^ording to Claim 12, wherein said electronic processor 
1 5 comprises an analog-to-digital converter and said received acoustic signals returning from the 

earth formation and said revived acoustic noise signals are converted from analog to digital 
form prior to being combined to produce signals substantially free of said acoustic noise 
signals. 



14. /the apparatus according to Claim 13, comprising circuitry for generating one 
20 or more propagation factors relating to the propagation of acoustic signals between said 
acoustic/eceiver and said acoustic sensors, and for modifying the acoustic noise signals based 
upoipr said propagation factors prior to being combined with the acoustic signals returning 
I the earth formation to produce signals substantially free of said acoustic noise signals. 
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15. An apparatus for conducting acoustic caliper measurements of an eartjr 
formation borehole, comprising: / 

an acoustic logging instrument having first and second threaded ends for thrafadedly 
connecting said instrument into a drillstring used for drilling earth boreholes, said logging 
5 instrument comprising an acoustic transmitter for transmitting acoustic signals imo said earth 
formation borehole, an acoustic receiver for receiving acoustic signals ramming from the 
borehole wall and for receiving acoustic noise signals, an acoustic sensor responsive only to 
acoustic noise signals, to the exclusion of the acoustic signals returmng from said borehole 
wall, and an electronic processor in said instrument for combining tfie signals received by said 
10 acoustic receiver and by said acoustic sensor to produce signals substantially free of said 
acoustic noise signals. / 

16. The apparatus according to£laim/l5, wherein said electronic processor 
comprises an analog-to-digital converter and sM^eeeived acoustic signals returning fi-om the 
earth formation and said received acoustic no^ signals are converted firom analog to digital 

15 form prior to being combined to produce signals substantially free of said acoustic noise 
signals. / 

17. The apparatus arcording to Claim 16, comprising circuitry for generating a 
propagation factor relating/U) the propagation of acoustic signals between said acoustic 
receiver and said acoustic/^nsor, and for modifying the acoustic noise signals based upon said 

20 propagation factor piw to being combined with the acoustic signals returning from the earth 
formation to prodiifce signals substantially free of said acoustic noise signals. 

ISyT An apparatus for conducting acoustic caliper measurements of an earth 
format!^ borehole, comprising: 

/ an acoustic logging instrument having first and second threaded ends for threadedly 
25 ogmnecting said instrument into a drillstring used for drilling earth boreholes, said logging 
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instalment comprising an acoustic transmitter for transmitting acoustic signals into said 
formation borehole, an acoustic receiver for receiving acoustic signals returning fro 
borehole wall and for receiving acoustic noise signals, at least two acoustic sensors responsive 
only to acoustic noise signals, to the exclusion of the acoustic signals returmiig from said 
5 borehole wall, and an electronic processor in said instrument for comtumng the signals 
received by said acoustic receiver and by said acoustic sensors to produce^gnals substantially 
free of said acoustic noise signals. / 

19. The apparatus according to Claim 18, whepein said electronic processor 
comprises an analog-to-digital converter and said received aroustic signals returning from the 

10 earth formation and said received acoustic noise signab^re converted from analog to digital 
form prior to being combined to produce signals^ubstantially free of said acoustic noise 
signals. ^<-—s^ / 

20. The apparatus according tj/Claim 19, comprising circuitry for generating one 
or more propagation factors relatingao the propagation of acoustic signals between said 

1 5 acoustic receiver and said acoustic srosors, and for modifying the acoustic noise signals based 
upon said propagation factors^Srior to being combined with the acoustic signals returning 
from the earth formation to^roduce signals substantially free of said acoustic noise signals. 

21. A m^nod for conducting acoustic logging measurements of formations 
surrounding an eaith borehole, comprising: 

20 positi^ng an acoustic well logging instrument in a drillstring adjacent an earth 

formation to be logged; 

Jtfansmitting acoustic signals into said earth formation; 
/ receiving at a first location in said instrument acoustic signals returning from said earth 
fj2*rmation, combined with acoustic noise signals; 
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detecting acoustic noise signals at a second location in said instrument not combii] 
with said acoustic signals returning from said earth formation; and 

processing said acoustic signals received at said first location with the acousu<f signals 
received at said second location to produce acoustic signals substantially frej^f acoustic 
5 noise signals. 

22. The method according to Claim 21, wherein said noise signals are in the form 
of compressional wave noise that propagates along and through the^ell logging instrument. 

23. The method according to Claim 21, wherein the noise signals are in the form 
of noise from torsional waves that propagates along and through the well logging instrument. 

^0 24. The method according to Claim^l/v^rein the noise signals are in the form 

of noise from lateral waves that propagates'Hloi^ and through the well loggmg instrument. 

/ 

25. The method according to^Claim 21, wherein the noise signals are in the form 
of noise from precessional movement^nd random vibration of the well logging instrument 

7 

26. The method according to Claim 21, wherein the source of the noise signal is 
15 a drill bit connected in the drill string below the well logging instrument. 

27. A nmhod for conducting acoustic logging measurements of formations 
surrounding an Mfth borehole, comprising: 

positioifing an acoustic well logging instrument in a drillstring adjacent an earth 
formation to be logged; 
20 transmitting acoustic signals into said earth formation; 

/ receiving at first and second locations in said instrument acoustic signals returning 
fmm said earth formation, combined with acoustic noise signals; 
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detecting acoustic noise signals at a third location in said instrument not combim 
with said acoustic signals returning from said earth formation; and 

processing said acoustic signals received at said first and second Jocations^with the 
acoustic signals received at said third location to produce acoustic signals sub^tially free 
of acoustic noise signals. 



10 



15 



28. A method for conducting acoustic logging measui€ments of formations 
surrounding an earth borehole, comprising: 

positioning an acoustic well logging instrument in a^rillstring adjacent an earth 
formation to be logged; 

transmitting acoustic signals into said earth fcM^mation; 

receiving at first and second locatiojis iTi Mad instrument acoustic signals returning 
from said earth formation, combined with acc^^c noise signals; 

detecting acoustic noise signals ztmrd and fourth locations in said instrument not 
combined with said acoustic signals reU^ng from said earth formation; and 

processing said acoustic sigpffls received at said first and second locations with the 
acoustic signals received at sm/i ;hird and fourth locations to produce acoustic signals 
substantially fi-ee of acoustic^ise signals. 



20 



29. A mejKbd for conducting acoustic logging measurements of formations 
surrounding an e^fh borehole, comprising: 

positio^g an acoustic well logging instrument in a drillstring adjacent an earth 
formation ti0 be logged; 

ransmitting acoustic signals into said earth formation; 

receiving at a first location in said instrument acoustic signals returning from said earth 
^rmation, combined with acoustic noise signals; 
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detecting acoustic noise signals at second and third locations in said instrunjentHwr 
combined with said acoustic signals returnii;g from said earthjiMHrattSnrand 

processing said acoustic signalsre^i*«&^rs3dfirst location with the acoustic signals 
received at saidsesond-artdlfiird locations to produce acoustic signals substantially free of 
-aeoflSficnoise signals. 
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30. An apparatus for conducting acoustic logging measurements of formation surroun^g an 
earth borehole, comprising: 

an acoustic logging instrument having first and second threaded ends for/threadedly 
connecting said instrument into a drillstring used for drilling earth bdreholes, said 
logging instrument comprising an acoustic transmitter for tran^tting acoustic 
)p' signals into the formations surrounding said earth borehole, ai/acoustic receiver 

^aI for receiving acoustic signals retummg from said formations'^d which may also 

I respond to noise signals, one or more sensors responsive^nly to noise signals, 

to the exclusion of the acoustic signals returning from^d formations, and an 
electronic processor in said instrument for combinine/^e signals received by said 
2 acoustic receiver and by said noise sensor to produce signals substantially free of 

y the influences of said noise signals. 

31. The apparatus according to Claim 30, wherein said electronic processor comprises an 
as analog-to-digital converter and said received acoustic signals returning from the earth formation 

and said received acoustic noise signals are converted4rom analog to digital form prior to being 
^ combined to produce signals substantially free of influences of said noise signals. 

^ 32. The apparatus according to Claim 31, /comprising circuitry for generating a propagation 

^20 factor relating to the propagation of nois^/^gnals between said noise sensor and said acoustic 
receiver, and for modifying the noise signals based upon said propagation factor prior to being 

combined with the acoustic signals returning from the earth formations to produce signals 

/ 

substantially free of the influenc^^f said noise signals. 

25 33. An apparatus for conducting acoustic logging measurements of formations surrounding 
an earth borehole, comprising: 

an acoustic logging/'mstrument having first and second threaded ends for threadedly 
coimectii^ said instrument into a drillstring used for drilling earth boreholes, said 
logging /instrument comprising an acoustic transmitter for transmitting acoustic 
30 signals into the formations surrounding said earth borehole, at least two acoustic 
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receivers for receiving acoustic signals returning from said formation and which 
may also respond to noise signals, one or more sensors responsive only to noise 
signals, to die exclusion of die acoustic signals returning from said formations, 
yj' an electronic processor in said instrument for combining die signals received 

\/^\ by said acoustic receivers and by said noise sensor to pr^ce signals substantiaUy 

free of the influences of said noise signals. 



1^ 



34. The apparatus according to Claim 33, wherein said elefctronic processor comprises an 
analog-to-digital converter and said received acoustic signals ifetuming from the earfli formation 
and said received acoustic noise signals are converted fromy^alog to digital form prior to being 
combined to produce signals substantially free of the influence of said noise signals. 

35. The apparatus according to Claim 34, compri^g circuitry for generating one or more 
propagation factors relating to the propagation of n6ise signals between said noise sensors and 
said acoustic receiver, and for modifying the noisfe signals based upon said propagation factors 
prior to being combined with the acoustic signals returning from the earth formation to produce 
signals substantially free of the said influences of noise signals. 

36. An ^paratus for conducting acoi^c logging measurements of formations surrounding 
an earth borehole, comprising: / 

an acoustic logging instrum^t having first and second threaded ends for threadedly 
connecting said instrument into a driUstring used for drilling earth boreholes, said 
logging iiistrument/con^jrising an acoustic transmitter for transmitting acoustic 
signals into the formations surroimding said earth borehole, at least two acoustic 
receivers for repeiving acoustic signals returning from said formation and which 
may also respond to noise signals, at least two sensors responsive only to noise 
signals, to ^e exclusion of the acoustic signals returning from said formations, 
and an electronic processor in said instrument for combining the signals received 
by said /noise sensors and by said acoustic receivers to produce signals 
substantially free of the influences of said noise signals. 
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37. The apparatus according to Claim 36. wlierein said electronic processor comprises an 
analog-to-digital converter and said received acoustic signals returning from the earth formation 
and said received noise signals are converted from analog to digital form prior to being 
combined to produce signals substantially free of the influences of said noise signals. 

38. The apparatus according to Claim 37, comprising circuitry for generating one or more 
f f ^ propagation factors relating to the propagation of noise signals between said noise sensors and 
P said acoustic receivers, and for modifymg the noise signals based upon said propagation factors 

prior to being combined with the acoustic signals returning from the earth formation to produce 
10, signals substantially free of the influences of said noise signalsy 

; ^ 39. The apparatus according to Claim 38, wherein eadi of said noise sensors is positioned 
= U within said logging instrument to detect noise signals propagating towards the said sensors. 

;jf| 40. The apparatus according to Claim 38, wherein at least one of said noise sensors is 
positioned to detect a noise signal propagating froi/above and toward the one acoustic sensor, 
n and at least another of said noise sensors is positi^ied to detect a noise signal propagating from 
□ below and toward the one acoustic sensor. 

2® 41. An apparatus for conducting acoustic logging measurements of formations surrounding 
an earth borehole, comprising: / 

an acoustic logging instrument^ having first and second threaded ends for threadedly 
connecting said mstnment into a drillstring used for drilling earth boreholes, said 
logging instrument^Gomprising an acoustic transmitter for transmitting acoustic 

25 signals into the formations surrounding said earth borehole, an acoustic receiver 

receiving acoustic signals returning from said foraiation and which may also 
receive noise ^gnals, at at least two sensors responsive only to noise signals, to 
the exclusi(^ of the acoustic signals returning from said formations, and an 
electronic processor in said instrument for combining the signals received by said 

30 acoustic ^ceivers and by said noise sensors to produce signals substantially free 
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of the influence of said noise signals. 




42. The apparatus according to Claim 41, wherein said electronic processor comprises an 
analog-to-digital converter and said received acoustic signals returning from the earth formation 
and said received noise signals are converted yfrom analog to digital form prior to being 
combined to produce signals substantially free /f the influence of said noise signals. 



43. The apparatus according to Claim comprising circuitry for generating one or more 
propagation factors relating to the propagation of acoustic signals between said noise sensors and 
said acoustic receiver, and for modifying the noise signals based upon said propagation factors 
prior to being combined with the acous^c signals returning from the earth formation to produce 
signals substantially free of the influ^ice of said noise signals. 
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